PROCESS FOR THE CONTINUOUS PRODUCTION OF MIXTURES OF 
SUBSTANCES AND REACTION MIXTURES AND DEVICE FOR ITS 

IMPLEMENTATION 

Introduction and Background 

The present invention is directed towards a process for the continuous production of a mixture 
of substances or of a reaction mixture that has been formed therefrom by being allowed to 
stand, comprising bringing together the individual components forming the mixture of 
substances in quantitatively proportional ratio and, in the case of the production of a reaction 
mixture, allowing the mixture of substances to stand in a vessel until the desired conversion 
has been established, in particular until the establishment of the state of equilibrium of 
components forming an equilibrium composition. 

In another aspect, the present invention relates to a device for implementing the process, said 
device being capable of being set up as an on-site plant and being especially suitable for the 
production of solutions of peroxycarboxylic acid. 

As a rule, chemical reactions have been carried out hitherto in reactors of highly variable 
design. The reaction components are supplied to the reactor either in succession or 
simultaneously and are mixed and converted therein. After thorough mixing has taken place 
and after the reaction has flattened out, the product is dispensed into shipping containers or 
storage containers, provided that no special processing ensues. Significant disadvantages of 
this process are the high investment costs, since on the one hand reactors which in certain 
cases have been specially constructed with appropriate capacity are required and, in addition, 
in many cases, for example in the case of the use and/or formation of products with high 
oxidation potential and also of readily combustible and/or explosive substances or mixtures of 
substances, out of safety considerations a considerable effort has to be made in respect of 
safety appliances and the control thereof. Further disadvantages of the conventional devices 
are the long feed-times and also the high effort in respect of cleaning the entire plant in the 
case of a change of product. 
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From US Patent 5,887,975 a multiple-component in-line paint-mixing system is known in 
which the individual components of the paint are not mixed and homogenized in a mixing 
container but in which the individual components are conveyed in pulsed manner and in 
succession in quantitatively proportional ratio through a reducing manifold and the individual 
5 components flowing in succession in pulsed segments in the discharge line are conducted 
together in an integrator immediately prior to spraying of the paint and are mixed in a static 
mixer. By virtue of this arrangement it is also possible to meter and to mix components that 
are capable of reacting with one another, in such a way that the actual reaction takes place 
only after the paint has been sprayed. 

10 The previously appraised process is less suitable for the production of mixtures of substances 
and reaction mixtures that can finally be stored in a container, because the pulsed metering 
results in long feed-times. In addition, from the point of view of safety the process cannot be 
used when certain combinations of the components forming the mixture are themselves 
explosive. As a result of the transportation of the components in succession through the same 

15 line, such problems are unavoidable. 

In the course of the production of equilibrium peroxycarboxylic acids, for example, it is of 
essential importance to meter the individual components in the correct order, since otherwise 
explosive mixtures may arise. In the case of the equilibrium peroxycarboxylic acids, care has 
to be taken to ensure that highly concentrated aqueous hydrogen peroxide is brought into 
20 contact as the final component with a mixture consisting of a carboxylic acid, water and a 
mineral-acid catalyst. 

An object of the invention is accordingly to enable a process with which mixtures of 
substances that contain components capable of reacting with one another, accompanied by 
release of moderate heat of reaction, can be produced continuously, whereby the actual 
25 reaction only takes place in the shipping container or in an intermediate container that has 
been provided for further use. 
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According to a further object, the process should be capable of being regulated reliably. 
Ultimately, the process should be capable of being used for the safe production of aqueous 
solutions of peroxycarboxylic acid. 

According to a further object of the invention, a device for implementing the process should 
be made available. The device should be of simple construction and capable of being set up 
as an on-site plant directly by the users of the mixture of substances or of the reaction 
mixture, in order in this way to avoid the transportation of, in certain cases, critical mixtures 
of substances such as equilibrium peroxycarboxylic acids of relatively high concentration. 

Summary of the Invention 

These and further objects such as are apparent from the further description can be achieved by 
the process according to the invention. A process for the continuous production of a mixture 
of substances or of a reaction mixture that has been formed by reaction of components 
contained therein has been found, comprising bringing together the individual components 
forming the mixture of substances and, in the case of the production of a reaction mixture, 
allowing the mixture of substances to stand in a vessel until a desired conversion has been 
established, said process being characterised in that the individual components are withdrawn 
from storage containers or from distribution networks and continuous streams of the 
individual components are formed. Each component stream is conveyed via a controlled 
system comprising a mass-flow or volume-flow measuring device and a regulating element 
for regulating the rate of flow. The flow-rates of the individual components are regulated in 
quantitatively proportional manner with reference to the flow-rate of a first component and 
the regulated flow-rates of the components of the mixture of substances are introduced into a 
receiving container, immediately or after individual flow-rates have been completely or 
partially conducted together. 

The process according to the invention is suitable for the production of mixtures of substances 
consisting of at least two components but preferably consisting of more than two components. 
It is also possible that individual components of the mixture of substances react with one 
another to form secondary products, so that a reaction mixture arises. The process is 



accordingly especially suitable also for the production of those reaction mixtures, the reaction 
enthalpy of which can be managed well without additional technical effort. In this 
connection, the enthalpy of reaction should be capable of being dissipated substantially 
through the wall of the container receiving the mixture of substances, that is to say, in 
5 particular, through the wall of the transport container or storage tank. 

A preferred embodiment of the process according to the invention is directed towards the 
production of aqueous equilibrium solutions of carboxylic acid, such as aqueous equilibrium 
solutions of peroxyacetic acid. In this connection a mixture of substances is formed from one 
or more organic carboxylic acids, water, a mineral-acid catalyst and aqueous hydrogen 

10 peroxide, from which, when allowed to stand, the equilibrium solution of peroxycarboxylic 
acid is formed. The chemical reaction accordingly takes place not in a special reactor or 
large-volume container but in the container receiving the mixture of substances. The 
particular advantage of the processing mode according to the invention resides, in this case 
and in similar cases, in the fact that a substance that is not unproblematic in terms of safety, 

15 such as a relatively highly concentrated aqueous solution of peroxycarboxylic acid, can be 
produced on-site at the place of demand. Hence transportation, which in certain cases is 
elaborate, becomes superfluous; in addition, it is possible to produce the reaction mixture in a 
concentration such as would preclude transportation from the point of view of safety. 

With a view to producing the solutions of peroxycarboxylic acid that can be obtained in 
20 accordance with the invention, water-soluble carboxylic acids or dicarboxylic acids with 1 to 
6 C atoms are preferably employed. It is possible to use pure carboxylic acids or mixtures of 
carboxylic acids, and mixtures of such a type may additionally also contain a water-insoluble 
carboxylic acid, i.e. a carboxylic acid with more than 6 C atoms. 

In particularly preferred manner, solutions of peroxyacetic acid, in particular equilibrium 
25 solutions of peroxyacetic acid, are produced by the process according to the invention. In 
order to enhance the oxidative or disinfecting action of peroxyacetic acid it is expedient to add 
formic acid or a source of formic acid to the mixture of substances in addition. Suitable by 
way of catalyst for the establishment of equilibrium are formic acid or mineral acids such as, 
in particular, sulfuric acid, phosphoric acid and, particularly preferred, polyphosphoric acid. 
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Hydrogen peroxide is employed in varying concentration, preferably in a concentration from 
30 to 85 wt.%, in particular 50 to 85 wt.%. The safety aspect is of exceptional importance in 
the production of peroxycarboxylic acids, since organic carboxylic acids are mixed with 
hydrogen peroxide of high concentration. 

5 By virtue of the process according to the invention it is possible to adhere precisely both to 
the quantitative ratios of the individual components of the mixture of substances and of the 
reaction mixture formed therefrom and to the order of metering and hence to reliably avoid 
the formation of explosible mixtures. 

Brief Description of the Drawings 

10 The process according to the invention will be further understood with reference to the 
accompanying drawings, wherein 

Figure 1 is a schematic flow chart of one embodiment of the invention; and 
Figure 2 is a schematic flow chart of another embodiment of the invention. 

Detailed Description of the Invention 

15 Described in further detail the process of the invention is for the continuous production of a 
mixture of substances or of a reaction mixture that has been formed by reaction of 
components contained therein, comprising withdrawing the individual components from 
storage containers or from distribution networks, forming continuous streams of the 
individual components, conveying each component stream via a controlled system of mass- 

20 flow or volume-flow measuring devices and a regulating element for regulating the rate of 
flow, regulating the flow-rates of the individual components in quantitatively proportional 
manner with reference to the flow-rate of a first component and introducing the regulated 
flow-rates of the components of the mixture of substances into a receiving container, 
immediately or after individual flow-rates have been completely or partially conducted 

25 together, thereby bringing together the individual components forming the mixture of 
substances and, in the case of the production of a reaction mixture, allowing the mixture of 
substances to stand in said container until a desired conversion has been established. 



5 



Referring now to the drawings, the individual components, such as A, B and C, of the mixture 
of substances to be produced are withdrawn from the storage containers 1, 2 and 3; 
alternatively, one or more components may also be withdrawn from distribution networks 
which are available at the place of production, for example component D from the distribution 
network 12. In this connection the individual components may be both pure substances and 
mixtures of substances. Even if in Figures 1 and 2 the substances A, B, C and D are brought 
into use, it is also possible to generate mixtures of substances from fewer or more 
components; in this case the device required for the production is adapted to the number of 
components. 

The components that are withdrawn from the storage containers or/and from distribution 
networks via lines (18, 19, 20 and 21) are conveyed by means of pumps (4, 5 and 6) or by 
available pressure in the case of distribution networks, or by means of other means for 
generating an effective pressure, into a controlled system (22, 23, 24 and 25) which is present 
for each component. With a view to the creation of constant metering conditions, the 
preliminary pressure upstream of the actual controlled system can be controlled by means of 
known means for pressure regulation (15, 16, 17 and 7). For example, the pressure regulation 
in the case of the storage containers can be adjusted by means of a circulation line (41, 42 and 
43) with regulating element (38, 39 and 40) located therein, whereby a control line leads from 
the device for the pressure regulation (15, 16 and 17) to the regulating elements (38, 39 and 
40). The preliminary pressure of the component from the distribution network can be 
regulated and kept constant by means of the pressure regulator (7), the control line of which 
drives a regulating element (44). 

The controlled system for each component comprises a line (22, 23, 24 and 25), a flow- 
measuring device (8, 9, 10 and 11) and a regulating element, in particular a regulating valve 
(34, 35, 36 and 37), whereby a control line emanating from the respective flow-measuring 
device drives the regulating element. Suitable for the flow measurement are known devices 
for recording the mass or the volume. In the case of volumetric flow-rate, if fluctuations in 
quantity are to be avoided care has to be taken to ensure constancy of temperature or to take 
account of the influence of the temperature on the volume. As an alternative to the 



combination of flow measurement and regulating valve, speed-regulated pumps or metering 
pumps that jointly perform the functions of the aforementioned instruments may come into 
operation. 

The flow-rates of components A, B and C are regulated in quantitatively proportional manner 
with reference to a flow-rate, generally the flow-rate of the component with the greatest 
quantitative rate of flow (in the Figures it is a question of the flow-rate of component A). 
Accordingly, control lines (31, 32 and 33) pertaining to the device for the quantitative flow 
measurement of component A access the device for the flow measurement (9, 10 and 1 1) of 
components B, C and D. The control unit for coordinating the measurements and the 
regulators with one another, whereby all relevant data are stored in the system in the form of 
formulae, is not shown in the Figures. The control of the plant is preferably realized by 
means of process-management engineering. The term 'quantitatively proportional regulation 1 
also encompasses a mechanical adjustment of a volume ratio of the individual components. 

A discharge line (26, 27, 28 and 29) is connected to the controlled system of each component. 
According to Figure 1 the component streams are conducted together in succession; according 
to Figure 2 the flow-rates are conveyed individually into a receiving container (30). In the 
embodiment according to Figure 1 the individual component streams which are regulated in 
quantitatively proportional manner are conducted together in succession, and the total stream 
reaches the receiving container (30). In order to guarantee the homogeneity in the receiving 
container, the united partial streams can be guided via a mixing element (14) which is 
preferably constructed in the form of a static mixer. From the point of view of safety 
engineering and quality assurance it is expedient to control the accuracy of metering by the 
rate of flow of the total stream after the individual component streams have been united also 
being measured by means of a flow-measuring device (13). From the point of view of safety, 
in many cases the order in which the individual component streams are conducted together is 
important. This order is of particular importance for the previously discussed production of 
solutions of peroxycarboxylic acid. 

Should an adequate intermixing be guaranteed by turbulences, diffusion or by a stirrer 
arranged in the receiving container, the uniting of the partial streams or even the upstream 



connection of a mixing element can be dispensed with. In this case a quantitative control 
measurement can be undertaken by means of a balance (45), for example. According to a 
preferred embodiment, the rate of flow of the total stream that has been formed (Figure 1) or 
the total quantity of the individual streams or partial streams introduced into the container or 
of the total stream (Figure 2) is measured and is equalized with the sum of the individual 
streams. 

A further subject of the invention is a system for the continuous production of mixtures of 
substances or of reaction mixtures for implementing the previously described process. This 
system comprises storage containers for the continuous production of mixtures of substances 
or of reaction mixtures according to the process as described herein. Included are storage 
containers or distribution networks for the individual components of the mixture of 
substances, devices for metering the individual components and a receiving container. The 
system features a line branching off from each storage container (1, 2, 3) or distribution 
network (12) which takes the form of a controlled system (22 to 25). Each controlled system 
exhibits a flow-measuring device (8 to 11) and a regulating element (34 to 37) for regulating 
the rate of flow and a regulator unit with control lines (31, 32, 33) which enables a 
quantitatively proportional metering of the components. The lines (26 to 29) connected 
downstream of the controlled systems lead into a receiving container (30), immediately or 
after individual lines or all lines have been conducted together. This system and also 
preferred embodiments thereof have already been discussed in connection with the description 
of the process according to the invention. 

The process according to the invention and the system that has been presented herein permit, 
in simple and reliable manner, the production also of complex mixtures of substances and of 
reaction mixtures without the use of, in certain cases, elaborate reaction apparatus. By virtue 
of the order in which the quantitatively regulated partial streams of the individual components 
are conducted together, it is possible to ensure that the formation of dangerous component 
mixtures is avoided. 

Further variations and modifications will be apparent to those skilled in the art from the 
foregoing and are intended to be encompassed by the claims appended hereto. 
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German priority application 100 48 513.8 is relied on and incorporated herein by reference. 
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